Zeeman patterns of red and infrared lines of nitrogen and oxygen, as observed in magnetic fields of 35,000 and 86,000 gausses, at the National Bureau of Standards and the Massachusetts Institute of Technology, respectively, show various degrees of distortion due to Paschen-Back interaction. The interpretation of these patterns has afforded an interesting application of quantum theory to the elucidation of the Paschen-Back effect. The g-values derived for the energy levels of N I and 0 I are the first to be announced for neutral atoms of atomic number less than neon, 10, and are found to conform with those required for LS-coupling despite the fact that the term intervals do not conform. with the Lande ratios.
I. Introduction
Although various observers have investigated the Zeeman effeet of elements in the first two rows of the p eriodic table, the results, for the · most part, are qualitative, most of the pUblished meaSUTements referring apparently to unresolved patterns. It was in the spectra of helium and oxygen that Paschen and Back [1] 1 first encountered the distorted patterns. that appear for close multiplet lines when excited in strong fields. The only Zeeman effects for elements of atomic number below N e 10 from which g-values can be derived are those published by Mihul [2] for o II, and by Green and Maxwell [3] for N II. DUTing the past 10 years, at the National BUTeau of Standards, Zeeman-effect observations have been made of the infrared spectra of several metals including chromium, molybdenum, columbium, tantalum, and uranium. On nearly all the spectrograms there are registered the magnetic patterns of the red and infrared lines of atmospheric nitrogen and oxygen, as well as those of the metal lines. Similar spectrograms of molybdenum, manganese, and columbium, secured ·Mendenhall Lahoratory of Physics, Ohio State University; the analysis reported in this paper was made hy Dr. Shortley while employed at the Bureau during the summer of 1947.
I Fl~ures in brackets indicate the literature references at the end of thiS paper.
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819237-49- -7 with the spectrographs and magnet of the Massachusetts Institute of Technology, have been made available to us by G. R. Harrison . All of these plates have been measured and reduced, and the collected results are presented in this paper.
B ecause the Zeeman patterns considered here all show various degrees of Paschen-Back interaction, it is necessary to consider this effect in detail in order to derive g-values from the measurements. W e discuss, therefore, not only the method of obtaining the g-values from distorted magnetic patterns, but also the method of computing theoretically the wavelength and intensity shifts arising from Paschen-Back interaction, and give comparisons of tIle theoretical with t4e observed results.
II. Experimental Procedure
The procedure employed in making the MIT spectrograms has been described frequently by Professor Harrison and collaborators [4] . The National BUTeau of Standards observations were obtained with a large, water-cooled Weiss magnet in conjunction with spectrographs in which are mounted concave gratings that were ruled with .
15,000 and 30,000 lines per inch by R. W. Wood [5] . These instruments have dispersions of 5.0 18l --_._---~ FI GU R E 1. Z ee man patterns of ox ygen and ni tro gen multiplets.
Aboye, t he 01 qu intet 777 1 to 7775 A witb fields of (a) 34,600 a nd (b) 85,400 gausses. Below, the N 1 quartet 7423 to 7468 A w ith a field of 85,400 gausses. W avelen gths in crease from left to rigbt. and 1.8 A/mm, respectively, in th e first-order spectra, wher eas that of the MIT sp ectrograph is 1.6 A/mm. The ligh t source was a Back [6] lamp in which an in terrupted dir ect-current ar c was oper at ed on 1 amp ere at 220 volts, th e air pressure wit hin the arc enclosure b eing r educed to onesixth atm . The gap b etween t he iron pole-pieces of t he magnet was about 6 mm , so t hat wit h curr ents of 160 amp applied to th e coils, fields of approximately 35,000 gausses wer e attained . For calibrating t he fi elds, t h e spectrograms were exposed also t o ar cs b etween oth er electrodes to secure resolved patterns of known separations.
The National Bureau of Standards gratings are 184 in Wadsworth mountings [7] , in which t h e grating is illuminated by parallel light. B ecause of t he stigmatic properties of a grat ing mounted in t his manner, it was poss ible to photograph simultan eously bot h polarizations of t he Zeeman p attern, one above th e oth er , by separating them with a Wollaston prism . This prism , of quartz, was placed b etween t he pole-gap of th e m agn et and t he lens t hat proj ected th e light onto t he slit of t he sp ectrograph. A movable occulting b ar in front of t he slit and between th e two polarized images r eserved an unexposed strip on t h e phot ographic plates for recording t h e spectrum without t he magn etic fi eld .
III. Results
The Zeeman patterns of t h e I lines are presented in tables 1 and 2. The entries in table 1 are weighted m ean values derived from two to five NBS spectrograms for all the lines except t he first t hree, which were m easured on only one plate. The nine lines of the table, of wavelength longer than 8,500 A, were m easured only on spectrograms with a dispersion of 5 A/mm and, th cr efor e, arc not so accuratl' ly d etermined as the others. At magn etic fi eld strengths of approximately 35,000 gausses, employed in the NBS obser vations, no striking anomalies in the spacing or the intensit ies of the components in the Zeeman patterns are apparent. These patterns, closely resembling t hose given by L ande's procedure for LS -coupling, arc given in the last eolumn of table 1.
On t he MIT sp ectrograms, however , taken at fields in excess of 85,000 gausscs, distortions of t he patterns both as to spacing and intensity of the components arc app aren t, even to casual inspection. This is illustrated in fig ure 1 in th e case of th e line at 7,442 A . M casurem ent of th e three available MIT spectrogram s h as yielded t he data entered in detail in ta ble 2.
In the first column of table 2 ar c given the term combination s or th e lines, th eir undisturb ed wavelengths according to Ed16n [8] , and th e valu e in angstrom units of one-half the normal Lorcntz t riplet corresponding to th ese wavelengths for t h e field strengths used. Th e wavelengths entered in the second column ar e m ean values and probably arc in error by a small amount, since th ere were on the plates no standards b etwe en which t o m ak e acc mate interpolations. On only one of the platcs is a no-field exposure available in juxtaposition with both the (]'-and 1T-components. In the discussion in section VIII, therefore, each pattern is referred to th e arbitrary origin of wavelength listed with its components, since we are concern ed only with wavelength differ ences within a pattern. The t hird column contains the estimated intensities of the magnetic components.
In th e last three columns of table 2 are listed the polarizations of the components and the transitions to which they are due, the distances in Lorentz units of the components from their origins, and, finally, th eir distances from th e centers of their patterns. Th e centers can be located only after the positions of th e magn etic levels have b een Zeeman Effect and g-Values fixed according to the procedure discussed below.
In th e spectrum of the neutral oxygen atom, two multiplets are eas ily exc ited in arcs-in-air between m etallic electrode : that at 8,446 A , representing th e term combination 2p 3 3 3s o-3p 3p , and that at 7,771 to 7,77 5 Afrom 2p3 38 5so-3p 5P . In ea ch of thes e multiplets, the no-field spacing of the three lines is less than the magn etic splitting of the levels, even for moderate fields, so that their Zeeman patterns all exhibi t Paschen-Back interaction. In the case of the 8,446 lines, the interaction is essentially complete. In a field of 35,000 gausses the pattern , as m easured on a spectrogram taken with th e 15,000 lines/inch grating, is ± (O.OOw, 0.99)0.99, with strong (]'-componen ts and v ery weak 1T-components at the separation of the normal Lorentz triplet. The strong, widened 1T-component appears as an unr esolved group of two or more lines. On an figure 1 . The data given in table 3 are the wavelengths and estimated intensities of the 7T-and cr-components and their shifts from the undisturbed positions of the lines in terms of the normal Lorentz triplet spacing. The shifts, in columns (a), (b), and (c) of the table, were calculated from the observed wavelengths by the procedure described in the following section. As with the nitrogen lines, no attempt has been made to express the wavelengths on the correct 1. A. scale , b ecause of the absence of standards on the spectrograms. They differ from this by a small constant amount which is of no importance in the interpretation of the pattern. The tabulated wavelengths are mean values derived from measurements of two NB S spectrograms at 34,660 gausses and three NUT spectrograms at 85,400 gausses. For purposes of comparison, the wavelengths from both sets of spectrograms are referred to the same origin at 7771.950 A. The separations 2.220 A and l.220 A adopted fo r the oxygen lines • in their no-field positions are mean values from the present series of measurements and from the wavelengths in the solar spectrum as reported by Meggers [9] and by the observers of the Mt. Wilson Observatory [10] . The g-values that have been obtained from the data of tables 2 and 3 are given in table 4. The method used to determine g-values of the perturbed terms is discussed in detail in a later section of this paper. The g's entered in the table for the doublet terms of N I are only estimated values, which is indicated by enclosing them in parentheses. The three measured doublet patterns do not yield the g's of the doublet terms uruiquely, but they are sufficiently close to the patterns of LS-coupling to justify the conclusion that the g's do not deviate appreciably from the Lande values. 
IV. The 5p~ 5S Multiplet of 0 I
The three lines of the 01 multiplet 2p3 3p 5p~ 38 5 SO are so close that large Paschen-Back perturbations occur with any field large enough to resolve the Zeeman components. The patterns at 34,660 and 85,400 gausses are shown in figure 1. These patterns are so distorted by Paschen-Back perturbations that they bear little resemblance to weak-field patterns.
The correct assignment of components to states was first determined for the 85,400-gauss pattern by making an entirely theoretical computation of component positions and (strengths)~, by using the observed no-field positions of the levels and assuming strict Russell-Saunders coupling in determining the g-values and the matrix components that give the Paschen-Back interaction. The method of making these computations will be discussed in detail in sections VI and VII. The computed values are compared with the observed wavelengths and estimated intensities in table 5 and figure 2. Although this pattern is wide for a Zeeman pattern, yet it covers a sufficiently small range of wavelength so that within the observational error it is appropriate to assume that wavenumber differences are proportional to wavelength differences, and use a mean value (at 7,773 A) of the ratio of [).V to SA to determine the Lorentz splitting factor in angstroms. Because wave-number and wavelength differences have opposite signs, the energy-state pattern of table 5 seems upside down. The scale has been turned over in plotting figure 3, although angstrom units are retained.
The agreement between the computed and observed wavelength intervals and intensities in
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table 5 and figure 2 is excellent. Apart from the clustered, or very weak components bracketed in table 5, the maximum wavelength discrepancy is 0.026 A; the average of the discrepancies, all counted positive, is only 0.013 A. This agreement shows that the coupling must be exceedingly close to Russell-Saunders. This fact is of considerable theoretical interest since the 5p term does not obey the Lande interval rule, the intervals being in the ratio 3:1.65 in place of 3:2. Since the quan-
tum numbers of the term must be quite accurately those of 5P, the departure from the interval rule is undoubtedly to be accounted for by some type of magnetic interaction other thq,n the ordinary spin-orbit. The fact that visual estimates of intensity correspond quite accurately to the square roots of the line strengths rather than to the strengths themselves was first pointed out by Russell [11] . There are certain interesting discrepancies in this inten- o ., I I I .... (10 ) sity comparison that seem to be a definite indication of nonisotropic excitation conditions. In particular, the O'-componcnt M = 3--l>2 is observed much too strong, and in fact definitely much stronger than M = -3--l>-2. Since these two particular components suffer neither shift in position nor alteration in strength because of PaschenBack interaction, they must remain of equal strength at any value of the field if the excitation is isotropic. They are of substantially equal strength on the NBS plates, but are strikingly unequal on the MIT plates, as can be seen even from the reproduction in figure 1. With the components allocated to their proper boxes in table 5, a etate analysis was made and g-values computed from the experimental data. Because the pattern is very wide, these g-values can be obtained with high accuracy, and are found to agree with the Russell-Saunders values (2 for 5S2, 5/3= 1.667 for 5Pa, 11 /6= 1.833 for 5P2, 2.5 for 5p! ) within the estimated experimental error given in the tables. The method of obtain-, ing the e g-values from the tate analysis is given in the next seetion. The entries in table 5 printed in Roman type are the observed components and the energy states derived therefrom, measured in A from the no-field position of 5P3-7 5 S2, with the estimated intensities in parentheses. The bracketed components are poorly resolved or are very weak. The observed Lorentz splitting factor is 2.409 A. The entries in italics are the components, states, and square roots of the line strengths computed from the no-field positions of the lines, from the observed splitting factors, and from the LS-coupling g-values.
At 
V. Analysis of a Paschen-Back Pattern
Usually it is not necessary to make a theoretical computation in order to allocate properly the components of a well-r esolved Paschen-Back pattern.
In fact, such a theoretical computation is impossible unless tbe g-values and the type of coupling are already fairly well known. 2 Instead one looks for repeated differ ences, always b etween a 71'-component and a <T-component, and attempts to make a state-analysis ot the compon ent in the same way as an ordinary level-analysis is made of spectral lines, by making use of all available theoretical clues with r egard to Paschen-Back perturbations and intensities. Table 6 , which shows the same oxygen quintet as tabl e 5, but at a much lower field , will serve as a,n example, although a difficult one because of unresolved componen ts. The numbers in the table printed in Roman type are the observed wavelengths of the components decreased by 7,700, and, in parentheses, their estimated intensities. The differences of the 71' and <T components that correspond to the 5S2 splitting are entered between the columns, the bracketed values being uncertain, owing to blending or weakness of the lines. Here the observed Lorentz splitting factor is 0.978 A. In italics are given the states and components computed from the differ ences between the states. The states for the blends in sP2 are in all cases placed so that the mean Paschen-Back per turbation is zero , as req uired by theory.
The analysis in table 6 is simplified by the fact that the lower term 5S~ is unperturbed, since it contains only one level. H ence the interval between the states of 5S~ occms repeatedly, each 7r-component having a <T-compon ent at this distance on one or both sides, according to its position in the table. This interval is easily picked up (average 1.947 A), and determines the g-value of 5S~. There are, however, two fairly strong <T-components (M = 3-72,-3-7-2) that do not li e at this interval from any 7r-component. Furthermore, these two <T-components are equidistant from the no-field position of 5P3-75S~, which makes them easy to spot. In this way the M = 3,-3 separation and the g-value of 5P3 are determined , and the unperturbed positions of the other states of 5P3 may be computed. The table is completed by using the following guides:
(a) Intensities. For a discussion of the effec t of Paschen-Back perturbations on intensity patterns, see sections VII and VIII.
(b) The fact that the sum of the Paschen-Back perturbations on states of a given Ali-value va.nishes. Since the + },,1 and -A!{ unperturbed states are equidistant from the no-field position, this guide is best used in connection with the mean 
-65
+/10
, +8
-1 = -2 -;:y:;- 
Zeeman Effect and g-Values

Determination oj g-values.
When a satisfactory state analysis is completed, the computation of the g-values, which give the weak field, or unperturbed, state positions, is straightforward. W e can use the observed data in table 5, which give the best values for the oxygen quintet, as an illustration.
T he 532 splitting is 4.816 ± 0.004 A, determined from the 12 7(' -0' intervals between unbracketed components. This splitting, divided by the Lorentz splitting factor , 2.409 A, gives g(5S2) = 1.999 ± 0.002.
The probable errors that we give here are determined purely from internal consistency of the 12 7('-0' intervals, a possible error in the well-determined Lorentz splitting factor bein g neglected. On this basis a probable error of 0.010 A is assigned to each m easured (unbracketed) wavelength, and from this the probable errors in the 5p levels and the g(5 P) are determined in straightforward fashion.
The Jo.1= 3, -3 interval of 24.082 ± 0.018 A, divided by 6 gives 4.014 ± 0.003 A for the unperturbed 5P 3 splitting, and g(5P3) = 1.666 ±0.001.
The observed (2, -2) and (2', -2') intervals are distorted by Paschen-Back perturbations, but because of the properties of these perturbations it is seen that the sum of these two intervals is the same as if there were no perturbation and can be used for deriving g(5PZ)' The sum of these two intervals is 33.750 ±0.018 A. Divided by 4, this gives 8.438 ± 0.005 A for the sum of the unperturbed 5P3 and 5P2 splittings and 8.438-4.014= 4.424 ± 0.006 A for the 5P 2 splitting, corresponding to g(5P2) = 1.836 ± 0.003.
Similarly, the sum of the three observed intervals(l, -1), (1', -1'), (I" , -1") must be the same as the sum of the unperturbed intervals. The sum of the observed intervals is 28.947 ±0.022 A. Divided by 2, this gives 14.474 ± 0.01l A for the sum of the unperturbed 5Pa, 5P 2 , 5P I splittings, or 14.474--8.438=6.036 ± 0.OI2 A for the 5P I splitting, corresponding to g(5PI ) = 2.506 ± O.005.
The g-values for the narrower pattern of table 6 were determined in exactly the same way but are less accurate, because the states of 5P 2 belonging to the blended lines are determined only roughly by the line positions and were actually placed as follows: M = -2' was placed so that the average of 2, -2, 2', -2' coincided with the average of the no-field positions of 5P3 and 5P 2• M=O was placed .... 
VI. Theoretical Computation of PaschenBack Patterns in Russell-Saunders Coupling
The method of computing theoretical Pasch enBack patterns in Russell-Saunders coupling is discussed in general terms by Condon and Shortley [12] and elsewher e. An attempt will be made here to give formulas and m ethod, and sufficient detail on th e oxygen 5p example, to enable a spectroscopist unfamiliar with details of quantummechanical th eory to make such computations, which are r eally quite straightforward. We shall plunge directly into the example of 01 5p (7,773 A) at 85 ,400 gauss, giving general formulas as need for their use arises.
In the first place, it is most convenient to use as unit the normal Lorentz splitting, which gives half the width of a normal triplet. This Lorentz unit, in cm-t, is 4.670 X I0-5 times I-I in gausses [13] . It
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is usually determined directly from known patterns on each exposure. The Lorentz unit in OUT case is experimentally determined as 2.409 A at 7,773 A. From the observed no-field wavelength differenees, 2.220 A and 3.440 A measured from SP 3-7 S S2, we compute the no-field quintet en ergies in Lorentz units as sP 3= These values, converted to angstroms by multiplication with 2.409, correspond to the broken bars on the right of figure 3 .
W e now n eed the nondiagonal matrix elements that determine the Pasch en-Back interaction.
These elements connect only states of the same M , the same Land S (i. e., states of the same term), and having J values differing by oue unit. In Lorentz units, the interaction element cOIDlecting the state 8LJM and the state 8L,J-1, Mis 1.072 (4) in which the unperturbed energies are entered along the diagonal, the interaction elements each twice in the appropriate spaces . 
/(J -L+ S)(J +L-S)(J
=0. (5)
When the determinant is expanded this equation becomes
The three roots of this equation are the energies of the three perturbed states. In order of decreasing energy these should be designated as 1, I', I", associated with sPa, sp 2, 5PI , respectively. This association should be made in the same order as the no-field energies, not necessarily the order of the unperturbed energies. In this case, .as the field is increased from 0 to 85,400 gausses, two of the unperturbed states of M = 1 cross as shown in figure 4 , so that they are no longer in the order of no-field energies; but if the perturbed energies were computed as a function of field strength, it would be found that states of the same !vI would never cross (see fine lines in fig. 4 ), so that the order of association of the perturbed states is to be the same as the no-field order. The three roots of eq 6 give the energies in Lorentz units:
These states are entered in table 5 with reversed sign, and correspond to the observed values of 
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This figure shows (heavy lines) the positions the states would occupy if there were no P aschen-Back perturbation and illu strates, by the light lines connecting two observed points, the growth of the Paschen-Back perturbation with field -strength . Intermediate bctween the observed points, the actual state positions wo uld, of course, lie on curved lines rather than on the straight lines drawn here. Because tbe g-values of the levels increase in going from 'p, to 'p, to ' Pl, the unperturbed states of the same positive M-value lie closer than those of the corresponding negative M-value and ar& more strongly perturbed. The crossing of the unperturbed statesofM=l and the nOllcrossing of the perturbed states is schematically ill ustrated.
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VII. Theoretical Computation of Line Strengths in Paschen-Back Patterns in LS-Coupling
In quantum mechanics the strength of a line is defined [12, p. 98 ] as a quantity that must be multiplied by the fourth power of th e frequency and by th e number of atoms in anyone of the initial states in order to obtain the radiated energy. Since all of th e lines of our Pasch en-Back pattern have closely the same frequency, we can compare relative strengths directly with observed relative intensities under the assumption that all the close-lying upper states have the same excitation. The strength of a multiplet is defined as the sum of the strengths of its lines, and the strength of a line as the sum of the strengths of its components. In making a transformation from one type of coupling to another, such as the transformation from the unperturbed states to the perturbed states in a Paschen-Back pattern (th e perturbation mixes up states of different J), we must work not with the strength itself but with its square root, which we denote by S '~. This turns out to be quite convenient in our case, because visual intensity estimates give numbers that are actually close to the square roots of the relative strengths. It is to be noted that S y, is a signed quantity and that it is very important to use th e proper sign.
We need first the relative S " for the lines of a multiplet in LS-coupling. These are obtained by taking the square roots of the strengths as given by the familiar Kronig, Sommerfeld-Hanl, Russell formulas [12, p. 238), with the sign given below: (8) In our case of 5P3, 2, I~5S2' the strengths are in the ratio 7:5:3, and from the above sign rule we obtain the relative values S" (5P3, 5S2) = + ..j7; s" (5P2, 5S2) = + ..j5;
Sign of S y, (S, L, J ; S, L + t::..L , J + t::..J) :
S~(5PI, 5S2)=-3. (9) We now need the formulas for the strengths of the unperturbed Zeeman components of a line in terms of the whole line strength , which is denoted by S (J ,J + t::..J) in the formulas beiow, since these formulas are good for any line whether the coupling is Russell-Saunders or not. Per unit solid angle at angle 8 (0~8~7T) with the magnetic field, these strengths are 
In our particular problem, observation was made at 8= 90°, so the angle factor occurring last in eq 10 is unity in all cases. In the following discussion, transverse observation will be assumed, and we shall omit th e subscrip t 8=90°. Direct substitution of the line strengths (eq 9), and the state quantum numbers, in eq 10, gives the values of S y, in table 7 after multiplication by the factor
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..j6407l' in order to get numbers comparable in magnitude to the estimated intensities. It is noted that the sums of the squares of the values in each of the three boxes of table 7 are proportional to the line strengths 7:5:3.
The unpertmbed strength-pattern of table 7 is seen to be radically different from the observed pattern of table 5. Some of the weakest compon-r ents of table 7, and even the missing component, are among the strongest in table 5. Some of the moderately strong components of table 7 become very weak or are missing observationally. It is these pronounced differences for which the computation of the Paschen-Back pertmbation must account. Table 7 furnishes the starting point for this computation, which leads to the perturbed values of S U in italics in parentheses in table5 (the sign of S U is no longer retained in table 5, since this sign has no observable meaning but is only needed in the computation) .
Since the states of 5S2 are ullpertmbed, we need consider only the effect of the pertmbation of the states of 5P. Values of 111 occurring only once in op suffer no perturbation (M= 3 and -3),sointensities of components from these states are unperturbed. The value 10.95 for 3-»2 and -3-» -2 reappears in table 5 as (11.0) .
For an M value that appears twice, such as M = 2, the two components to the same lower state can transfer strength from one to the other. Designating unperturbed strengths by subscript unp and perturbed strengths by subscript p, we have from table 7 whereas the perturbed values entered in table 5, which will be computed presently, are Sp(2-»2) = (14.0)2= 1 96, S p(2'-»2) = (6.7)2 = 44.
The sum of the strengths of the two components is unchanged by the perturbation, but the weaker has become stronger and the stronger weaker. The change is not always in this direction. If we look at the components (-2-»-2) and ( -2'-l>-2), which have the same unperturbed strengths as eq 11 : The signs of Sunp and the relative location of the levels are the factors that determine which way the intensity will shift.
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The general formulas for making these computations are the following: From the form of eq 13 we see that when S ;; (A-»X) and S U(B-l>X) have the same sign, the strength S ;; (A-l>X) from the upper state is increased by the perturbation. This is the case in eq 14. On the other hand, when S Ji (A-l>X) and 8 y. (B ----' >X) have opposite signs, as in eq 15, the strength from the upper state is ordinarily decreased, but this is not necessarily true.
When there are tln'ee or more states of the same M value, e. g., M~I, the computation takes a more complex form, of which the above is a special case. As an illustration of the method, let us compute the perturbed intensities 8~ (1" ----' >2), 8~ (1"----'>1), 8 ;:
(1" ----' >0), which are interesting because their values in table 5 differ so strikingly from the unpertmbed values of table 7.
Using the elements of the determinant eq 5 as coefficients, with the value of }. corresponding to I" (}. = 0.172 from eq 7), we form the set of homogeneous linear equations The second of the above homogeneous equations has not been used and will serve as a check From the way in which eq 16 were formed from eq 4, it is seen that a, 13, "I are associated respectivelywith the unperturbed sp~, sp~, sP1, i. e., with the unperturbed states 1, 1' , I". Quantummechanically, they are the coefficients in the wave function of the perturbed state I" when expre~sed in terms of the unperturbed states 1, ]', I". The perturbed value of 8~(1" ----'>X) from the perturbed state I" to anyone of the states X of 5S2 is then given in terms of the unperturbed values
by using these cocfficients in the simple relation
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Thus, using the values of a, 13, "I of eq 17 and the unperturbed values of 8~p r ead from table 6, we obtain 7) , will give the perturbed components 1'----' >2, 1'----' > 1, 1'----' > 0, and 1----' >2, 1----' > 1, 1----' >0, respectively. A check is furnished by the fact that the sum of the strengths of th e components that get mixed up must be lillchanged by perturbation. Thus, e. g., both terms are perturbed. This two-stage procedure is equivalent to multiplication of the original table, considered as a matrix, in front by one matrix and behind by another. This matrix scheme makes it easier to keep track of the arithmetic, but does not involve less or different arithmetic from that in the above procedure.
VIII . Weak Paschen-Back Interaction in N r
The g-values given for the quartet terms of N I in table 4 were obtained by a procedure similar to that sketched above for 0 1. Although the Paschen-Back perturbations in N I are much less than those in 0 I (see fig. 1 ), yet they must be taken into account in determining g-values from the experimental data if full accuracy in determining them is to be realized. In the case of N I, the whole group of Zeeman components arising from transitions between the upper levels 2p2 3p 4S~).> , 4P~).> , 4p~% , 4P~).> and the lower levels 2p2 38 4P 2 ). > , 4P 1 ). > , 4Po). > were fitted into a rectangular array from which values of the energies in the magnetic field were derived for all the upper and lower states. The array was similar to table 5 or 6 considerably enlarged. From the energy values, the g-values were computed by exactly the procedure sketched above for the oxygen quintets.
We can verify that a weak Paschen-Back interaction in LS-coupling will account for the small positional asymmetries and intensity distortions by using the so-called second-order perturbation theory [12, all quantities being expressed in the same units. The energy perturbation (eq 18) is to be applied to each of the two states, in the repulsive direction. Where there are more than two interacting states, the perturbations of each pair may be assumed to act independently. Within the accuracy of eq 18, it does not matter whether the perturbed or unperturbed distance is entered in the denominator.
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With regard to S). > , if A is the upper and B the lower of two interacting states that combine with a state X either above or below, one can show from eq 13 where I is the interaction element ( eq 1), and ~ is the distance between states. In the last term, either the perturbed or the unperturbed S). > may be used. Where a state is perturbed by two others, the changes of S% are additive to this approximation.
Conspicuous among the perturbations of the N I 4S-J>4P of figure 1 are the four intervals of the six strong a--components of the center line, which should be equal in the unperturbed case. The observed 4 wavelengths, intensities, and intervals for the a--components of this line, 4S1ro---?4P 1 ro, are given in the following array together with (at the left) the M-values of the transition to which they correspond: We shall use the above formulas to account for the interval-perturbations and the small, but definite, intensity-distortion exhibited here. As the Lorentz unit, when expressed in angstroms, differs by only 1 percent over the spread of the whole quartet pattern, we shall not change to wave numbers but shall use a mean Lorentz unit of 2.223 A. We shall express the interaction elements (eq 1) in angstrom units and work entirely in angstroms. These interaction elements connecting the states of 4p are , The data used in this section for illustrating the approximate theory of weak Paschen~ Back interaction are obtained from the one plate reproduced in figure 1. These data do not agree exactly with those given in tahle 2, which represent t he means of measurement of three plates. Technology spectrograms, with fields in excess of 85,000 gausses, the nitrogen and oxygen patterns exhibit various degrees of distortion, both i.n the positions and in the intensities of the magnetic components. The nitrogen patterns exhibit only ~light distortion or none at all. With the OA'-ygen patterns the case is different: the quintet group, at 7771 to 7775 A, shows marked distortion at two different fields and bears no resemblance to either a weak-field pattern or to a Lorentz triplet; the triplet group, at 8446 A, however, shows a nearly perfect Lorentz triplet pattern with very weak 7r-satellites at the normal triplet separation. The interpretation of these patterns has afforded an interesting application of quantum theory to the elucidation of the-Paschen-Back effect. The g-values that we have derived for the energy levels of N I and 0 I are the first to be announced for neutral atoms of atomic number less than 10, neon, and are found to conform, within observati.onal error, with those required for LS-coupling, despite the fact that the term intervals, except those of 3p 4Do of N I, do not conform with the Lande ratios.
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